1. Introduction {#s0005}
===============

Shortage of fossil fuel resources and adverse effects of their use on the environment are the two most important challenges. These challenges encourage researchers to concentrate on ways to discover alternative new sources of energy instead of fossil oil. Food waste and oilseed are considered as preferable sources of renewable energy by many scientists. The fuels produced from them reduce the greenhouse phenomena, air pollution, and fuel import that reduce the energy cost.

For this purpose, many vegetable species are grown on climatic regions including canola, castor, coconut, corn, cottonseed, soybean, and sunflower ([@b0155]). The previous vegetable sp. have special amount of oil with a specific characters. The waste edible oil is possibly another source of renewable energy ([@b0005], [@b0010]); but the production seems to be more economic and efficient ([@b0040], [@b0155], [@b0175]). *Ricinus communis L.* belongs to family Euphorbiaceae. It is known as wonder tree and castor oil bean. The castor oil seeds include 40% oil and about 5% of ricin protein. This oil of castor bean has unpleasant taste, its colour ranging from pale yellow to colorless, highly viscous. While, ricin considered as one of the deadly toxin compound ([@b0025]). Castor bean cake (CBC) is a by-product after pressing of castor bean seed during oil production. It has been reported that pressing one ton of castor beans for oil production produces approximately 550 kg of cake which may vary according to oil extraction process and seed oil content ([@b0110]). CBC can be used as fungicide, fertilizer, animal feed after detoxification, in nematode control and as raw material for ethanol production since it contain 11% cellulose, 10% hemicellulose and 23% lignin ([@b0030], [@b0130]). Additionally, CBC contains high concentrations of starch, which is considered as a potential feedstock for the production of bioethanol ([@b0145]).

Some environmental problems such as global warming and its consequences; i.e. gas emissions, show the importance of biofuels on greenhouse attenuation ([@b0035], [@b0180]). In this context, the availability of biotechnological resources and biomass put the biodiesel and bioethanol as the most promising biofuels. Interfacing the need of treating the deposit produced from Castor Bean Oil extraction to the capability of its Cake as a fermentable wellspring of sugars. Recently, the utilization of cellulases in production of bioethanol from many lignocellulosic materials has been reported ([@b0125]). Basically, cellulases change over cellulosic part of lignocellulosic biomass to fermentable sugars such as carboxymethylcellulase (E.C. 3.2.1.4). Predominantly, CMCase has been used in the production of ethanol ([@b0150]). This study aims to produce bioethanol from CBC by using the enzyme CMCase. Since, it will decompose cellulose and hemicellulose content of CBC to monosaccharide, which in turn will be fermented by yeast to produce bioethanol.

2. Materials and methods {#s0010}
========================

2.1. CMCase production medium {#s0015}
-----------------------------

With some modifications, bacterial standard medium (BSM) (8.0 g/L peptone, 1.0 g/L glucose, 1.0 g/L beef extract, 1.0 g/L yeast extract and 10.0 g/L CMC) was used to prepare the CMCase production medium, pH was adjusted to 7.0 using 0.2 M phosphate buffer (pH 7.0) then sterilized at 121 °C for 15 min ([@b0105]).

2.2. Isolation and purification of bacterial strains {#s0020}
----------------------------------------------------

Isolation of CMCase producing bacteria was done according to [@b0005] with some modifications. Ten grams of cellulose rich waste materials including rice straw (RS), wheat straw (WS) and bagass was transferred to 500 mL conical flask containing 100 mL of sterile saline solution (8.5 g NaCl). The flask was incubated at 30 °C on a rotary shaker at 200 rpm. Serial dilution 10^−1^ of this sample was inoculated on the BSM agar medium containing CMC, and then the plates were incubated at 30 °C for 24 h. Also, the purification steps were carried out for the grown bacterial isolates according to [@b0005].

2.3. Identification of the potential CMCase isolate by 16S rRNA {#s0025}
---------------------------------------------------------------

Genomic DNA was isolated from the candidate isolate that showed highest *CMCase* activity by using protocol of Gene Jet genomoic DNA purification kit (Thermo). Amplification of the 16S rRNA gene was carried out by means of 16SrRNA pair of primer named as Forward (F) (5′AGAGTTT GATCCTGGCTCAG3′) and Reverse (R) (3′GGTTACCTTGTTACGACTT5′). PCR reaction was performed in a 50 µL reaction mixture containing 5 µL Template DNA, 25 µL 2X Maxima hot Start PCR master Mix, 1 µL of primer F and R (20 µM) and 18 µL water nuclease-free. Amplification program was done according to following program: Initial denaturation (10 min at 94 °C), followed by 35 cycles of denaturation at 94 °C for 30 s., Annealing at 65 °C for 1 min, extension at 72 °C for 1.5 min and a final extension at 72 °C for 10 min ([@b0010]). The PCR product was electrophorized at 1% low melting agarose, and purified by using GeneJET™ PCR purification Kit (Thermo). GATC Company (GATC Company, South Korea) sequenced the purified PCR product by the use of ABI 3730 xl DNA sequencer. The gene homology and related sequences were carried out by public databases BLAST at the NCBI server (<http://www.ncbi.nlm.nih.gov/blast/>).

2.4. CMCase activity assay {#s0030}
--------------------------

The CMCase activity of the bacterial isolate was carried out using colorimetric assay as described before ([@b0165]). The liberated reducing sugar was measured by DNS method described by [@b0090].

2.5. Effect of different physical factors on the CMCase production {#s0035}
------------------------------------------------------------------

The following factors were examined to optimize the conditions for CMCase activity by the most potent bacterial strain (with highest CMCase activity). The deduced optimal conditions resulted from each experiments were taken in consideration as reported previously by [@b0005].

### 2.5.1. Incubation period {#s0040}

The most potent CMCase producing bacterial strain was grown on BSM supplemented with CMC for different incubation periods (12, 24, 48, 72 and 96 h). At the end of each incubation period CMCase activity was estimated.

### 2.5.2. Incubation temperature {#s0045}

The most potent CMCase producing bacterial strain was grown at different incubation temperatures including 25, 30, 35, 40 and 45 °C then CMCase activity was estimated.

### 2.5.3. pH {#s0050}

The effect of pH on CMCase activity was studied at different pH values (5, 6, 7, 8 and 9).

### 2.5.4. Inoculum concentration {#s0055}

This experiment was carried out to investigate the effect of different inoculums size on CMCase activity by the most potent strain. Different inoculum concentrations were applied (0.1, 0.2, 0.4, 0.6, 0.8 and 1 mL) at 600 nm absorbance (OD~600~).

### 2.5.5. Substrate (CMC) concentrations {#s0060}

The effect of different substrate concentrations (CMC) on CMCase activity produced by the most potent strain was investigated. Different CMC concentrations (2.5, 5, 10, 15 and 20 g/L) were applied.

2.6. Protein content estimation {#s0065}
-------------------------------

Protein content estimation was performed according to [@b0080]. The reagents were prepared freshly at each experiment. The specific activity of the enzyme protein in terms of (U/mg protein enzyme/ml) was determined from the following equation:$$\text{Specific\ activity}\mspace{6mu}\left( {\text{Enzyme\ Unit}/\text{mg}.\mspace{6mu}\text{protein}\mspace{6mu}\text{enzyme}/\text{mL}} \right) = \text{Enzyme\ activity}\mspace{6mu}\left( {\text{U}/\text{mL}} \right)/\mspace{6mu}\text{Protein\ content\ of\ the\ enzyme}\mspace{6mu}\left( \text{mg} \right)$$

2.7. Purification of CMCase produced by the most potent strain {#s0070}
--------------------------------------------------------------

### 2.7.1. Ammonium sulphate precipitation of the crude enzyme {#s0075}

Ranges of 20% to 100% saturation of ammonium sulphate were added to 100 mL of the cell-free filtrate and the precipitated protein was obtained by centrifugation for 15 min at 16,000 rpm. The pellet was dissolved in 5 mL of 0.2 M phosphate buffer (pH 7.0). Centrifugation was repeated and the pellet was re-suspended in phosphate buffer.

### 2.7.2. Dialysis against sucrose {#s0080}

This purification step was carried out to remove the traces of ammonium sulphate from the crude CMCase enzyme. Crude enzyme was filled in a dialysis bag previously soaked in phosphate buffer overnight and concentrated by dialysis against sucrose crystals till it achieved constant volume. The concentrated crude enzyme became ready to be applied for further purification step using column chromatography technique.

### 2.7.3. Purification of the dialyzed crude enzyme by using Sephadex G-200 gel chromatography {#s0085}

The dialyzed crude enzyme was applied onto pharmacia column (2.5 X 80 cm) packed with Sephadex G-200 (Sigma, Germany). The column was equilibrated with (0.2 M) phosphate buffer (pH 7.0). Five grams of Sephadex G-200 were suspended into 500 mL (0.2 M) phosphate buffer at (pH 7.0) and allowed to swell over-night in the refrigerator. Sodium azide (0.02%) was added to prevent any microbial growth. The column was connected to the buffer reservoir and the flow of the buffer was maintained at a rate of approximately 20 mL/h for two hours to allow the settlement of the bed. One mL of the enzyme preparation sample was applied carefully to the top of the gel. Buffer was then added without disturbing the gel surface and then the column was connected to the reservoir. Thirty fractions were collected (each containing 5 mL). Both enzyme activity and protein content were estimated for each separate fraction. The active enzyme fractions were concentrated by dialysis against sucrose crystals to achieve constant volume ([@b0005]).

2.8. Hydrolysis of the cellulose and hemicellulose content of CBC by the purified CMCase using solid state fermentation {#s0090}
-----------------------------------------------------------------------------------------------------------------------

Hydrolytic assays were performed in a thermostatized bath, in 250 mL conical flasks containing 10 g of sterilized CBC. Experiments were run with a solid--liquid ratio of 1:6. Due to the specificity of the CMCase enzyme and the structure of cellulose and hemicellulose from the seeds, the purified CMCase was utilized in the hydrolysis at 30 °C and pH 7. The hydrolysate of flask was collected for reducing sugar estimation test ([@b0085]).

2.9. Batch fermentation for bioethanol production by using Saccharomyces cerevisiae {#s0095}
-----------------------------------------------------------------------------------

Fermentation media were obtained by centrifugation and filter sterilization of the remaining solid residue of CBC, after hydrolytic stage, followed by pH adjustment to 5.0 with calcium oxide of the liquid fraction. Fermentation step was carried out using fermentor (10.0 L Biotron Liflus SL) with 7.0 L working volume. The system was maintained at 30 °C under stirring of 100 rpm for 72 h. *Saccharomyces cerevisiae* was used as a 10% (v/v). Samples were taken every 6 h for bioethanol determination ([@b0085]).

### 2.9.1. Detection of bioethanol by using gas chromatography (GC) {#s0100}

First different concentrations of ethanol absolute (GC grade) were prepared and then detected in GC (Agilent 7890 A) FID detector. Standardized water MilliQ was used as mobile phase in a flow rate of 0.6 mL/min. Sample volume was 5 µL, oven and detector temperatures were 80 °C and 40 °C, respectively.

3. Results and discussion {#s0105}
=========================

3.1. Isolation and identification of CMCase producing bacteria from different agricultural wastes {#s0110}
-------------------------------------------------------------------------------------------------

Five, 3 and 4 bacterial isolates were isolated from different sources rich in cellulose content including RS, WS and bagass respectively. A total of 12 bacterial isolates were subjected to a round for the CMCase production by using BSM supplemented by CMC. The enzyme activity was estimated in terms of (U/mL). After 1st round, one bacterial isolate shows the highest CMCase activity than the other isolates; isolate no 2 named as A2 was selected as a potential isolate for CMCase enzyme production with activity of 180 U/ml ([Fig. 1](#f0005){ref-type="fig"}). After genomic DNA separation and purification of A2 isolate, the sequence of the 16S rRNA gene was determined in order to achieve the phylogeny. Search for similar sequences in the databases using BLAST at the NCBI server (<http://www.ncbi.nlm.nih.gov/blast/>) and subsequent alignment of the retrieved sequences indicated that the DNA sequence of A2 isolate shows 93% homology with the 16S rRNA gene sequences of *Pseudomonas poae* RE∗1-1-14, the strain was identified as *Pseudomonas poae* as indicated in ([Fig. 2](#f0010){ref-type="fig"}).Fig. 1Screening test for carboxymethylcellulase producing isolates.Fig. 2Phylogenetic tree of the 16S rRNA sequence of *Pseudomonas poae*.

3.2. Effect of physical conditions on CMCase activity of Pseudomonas poae {#s0115}
-------------------------------------------------------------------------

### 3.2.1. Incubation time and inoculums volume {#s0120}

The CMCase production was increased with the increase in incubation time starting from the first 24 h. The maximum production of CMCase was observed after 48 h (198 U/mL), but after 72 h, it was decreased ([Fig. 3](#f0015){ref-type="fig"}). While, the maximum enzyme activity was achieved (205 U/mL) when 0.2 mL OD~600~ (3.7 × 10^5^ CFU) was used as an inoculums ([Fig. 4](#f0020){ref-type="fig"}). Our results were in agreement with that of [@b0050]; CMCase enzyme production was increased with the increase in incubation time with maximum CMCase activity of 2.40 U/ml was reached after 60 h under stationary conditions and 2.97 U/ml at 48 h under shaking conditions. [@b0135] found maximum CMCase activity in *Bacillus subtilis* KO strain after 24 h of incubation period. [@b0060], [@b0020] found maximum CMCase activity in *Bacillus* sp. *B21, Bacillus pumilus,* and *Bacillus subtilis* after 72 h of incubation. [@b0115] were reported that the maximum *Bacillus pumilus* CMCase activity was reached after 120 h of incubation.Fig. 3Relation between different incubation periods and carboxymethylcellulase activity by *Pseudomonas poae*.Fig. 4Relation between different inoculum size (absorbance) and carboxymethylcellulase activity by *Pseudomonas poae*.

### 3.2.2. Incubation temperature and pH {#s0125}

CMCase activity of *Pseudomonas poae* was decreased as the temperature increased from 25 to 45 °C. The maximum CMCase activity was observed at 30 °C (185 U/ml) ([Fig. 5](#f0025){ref-type="fig"}). [@b0075] found that the highest activity of CMCase was 131.7 U/ml at 30 °C under aerobic conditions. Also, our results were in agreement with that of [@b0050] who report that the highest CMCase activity was achieved at 30 °C under aerobic condition. Moreover, results are close to those of [@b0070] who found that the CMCase produced by *Bacillus pumilis* showed highest activity at optimum temperature of 35 °C.Fig. 5Relation between incubation temperature (°C) and carboxymethylcellulase activity by *Pseudomonas poae*.

The initial pH of production medium plays an important role in the activity of CMCase. The *Pseudomonas poae* strain AB3 was found to produce CMCase over wide range of pH from 5 to 9 with optimum at pH 7.0 (190 U/ml) ([Fig. 6](#f0030){ref-type="fig"}). These results are in agreement with those of [@b0065] who found the cellulolytic enzyme, endoglucanase, obtained from *Cellulomonas, Bacillus,* and *Micrococcus sp.* hydrolyzed substrate in the pH range of 4.0--9.0, with maximum activity transpiring at pH 7. [@b0120] reported that pH 7--7.5 was more suitable for optimization of cellulase production by *Bacillus subtilis* and *Bacillus circulans*.Fig. 6Relation between pH and carboxymethylcellulase activity by *Pseudomonas poae*.

### 3.2.3. Effect of CMC concentrations on CMCase activity {#s0130}

CMC was added to the culture medium with the concentration ranging from 2.5 to 20 g/L. The maximum activity of the CMCase reached at 10 g/L (208 U/ml); while as the substrate concentration increase there was a decrease in the activity at concentration of 20 g/L ([Fig. 7](#f0035){ref-type="fig"}). Effect of different carbon sources (0.1% w/v) on the activity of CMCase was studied. CMC was most effective as a sole carbon source for CMCase production by *Bacillus alcalophilus* S39 ([@b0015]). CMCase was the best carbon source followed by cellulose for CMCase production ([@b0095], [@b0100]). 1% (w/v) CMC was found to be optimal for carboxymethyl cellulase enzyme production *in Bacillus sp*. ([@b0140]) which is in agreement with our results. [@b0050] reported that CMC was the best carbon sources at concentration of (0.1% w/v).Fig. 7Relation between different carboxymethylcellulose concentrations and carboxymethylcellulase activity by *Pseudomonas poae*.

3.3. Purification of the CMCase enzyme by ammonium sulphate {#s0135}
-----------------------------------------------------------

The CMCase was purified at a concentration of 60% ammonium sulphate. The CMCase showed 4-fold activities at 60% ammonium sulphate saturation (140 U/ml) and has specific activity of 418 U mg/mL protein ([Fig. 8](#f0040){ref-type="fig"}). It has been reported that Ammonium sulphate precipitation at a concentration between 40 and 80% showed high CMCase activity with 7-fold purification ([@b0160]). The purified CMCase showed a single protein band on SDS-PAGE with an estimated molecular mass of 88 kDa ([Fig. 9](#f0045){ref-type="fig"}). This finding is almost similar to monomeric CMCases (86 kDa) reported in *Bacillus sp.* KSM-S237 ([@b0055]). CMCases with molecular weights ranging between 40 and 92 kDa have been reported in different Bacillus sps. by various workers ([@b0045] [@b0170]).Fig. 8Relation between ammonium sulphate saturation levels and the corresponding specific carboxymethylcellulase activities.Fig. 9SDS-PAGE analysis of the purified CMCase. Molecular mass markers (lane 1), purified CMCase (lane 2).

3.4. Hydrolysis of CBC by CBCase and bioethanol production {#s0140}
----------------------------------------------------------

The enzymatic hydrolysis of cellulose and hemicelluolse of CBC was done with the use of purified CMCase of this study at 30 °C. This experiment were carried out utilizing 1:6 solid--liquid ratio in order to improve the enzyme action. Our results showed that, the total reducing sugar liberated from the reaction was 5220 mg/L after 48 h incubation ([Table 1](#t0005){ref-type="table"}). While, after 48 h of fermentation, the ethanol concentration reached its maximum value (35 g/L) ([Fig. 10](#f0050){ref-type="fig"}). It has been reported that after 5 h of fermentation, the ethanol concentration reached its maximum value (34.5 g/L), corresponding to a yield of product on substrate consumed of 0.465 g and a volumetric productivity of 6.98 g/L/h.Table 1Hydrolysis of caster residue by *Pseudomonas poae* using solid state fermentation.Time (h)Total reducing sugar (mg/L)6105.1212976.40241852.65363745.29485220.64Fig. 10Ethanol production from the fermentation step using *Saccharomyces cerevisiae.*

4. Conclusion {#s0145}
=============

Our results indicate the successful production of bioethanol from CBC with CMCase of *Pseudomonas poae*. Accordingly, we can industrially benefit from the CBC waste after crushing the seed through the processes of castor oil production. Also, further studies should be done for the production of bioethanol in large scale.
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